Background. Community-acquired recurrent bacterial meningitis in adults is a relatively rare disease. All previous data were derived from small retrospective case series.
METHODS
In the Dutch Meningitis Cohort Study, a nationwide observational cohort study in The Netherlands, 696 episodes of community-acquired acute bacterial meningitis were assessed prospectively. All causative organisms were identified by CSF culture, which yielded S. pneumoniae in 352 episodes (51%), N. meningitidis in 257 episodes (37%), and other bacteria in 87 episodes (12%). Inclusion and exclusion criteria have been described elsewhere [12] . In summary, eligible patients were aged 116 years, had bacterial meningitis confirmed by culture of CSF, and were listed in the database of The Netherlands Reference Laboratory for Bacterial Meningitis from October 1998 through April 2002. The treating physician was contacted, and informed consent was obtained from participating patients or their legal representatives. The study was approved by our ethics committee. Patients with hospital-acquired meningitis (defined as meningitis that occurred during hospitalization or within 1 week after hospital discharge), neurosurgical devices, and a history of a recent (within !1 month) head trauma or neurosurgical procedure were excluded. Recurrent meningitis was defined as a second or subsequent episode of meningitis in a patient that was caused by a different organism than the organism that caused the first episode or by the same organism 13 weeks after the completion of therapy for the first episode. Patients with an altered immune status owing to the use of immunosuppressive drugs or splenectomy, diabetes mellitus, or alcoholism were considered to be immunocompromised. We defined predisposing factors for developing bacterial meningitis, such as otitis, sinusitis, pneumonia, CSF leakage, immunocompromised state, remote neurosurgerical procedure, and remote head trauma. Neurosurgerical procedures and head trauma were classified as remote when they occurred 11 month before the onset of meningitis. All patients underwent a neurological examination at hospital discharge, and outcome was graded using the Glasgow Outcome Scale. This measurement scale is well validated, with scores varying from 1 (indicating death) to 5 (indicating good recovery). A favorable outcome was defined as a score of 5, and an unfavorable outcome was defined as a score of 1-4. Focal neurological abnormalities were divided into focal cerebral deficits (e.g., aphasia, monoparesis, or hemiparesis) and cranial nerve palsies.
RESULTS
During the 3.5-year period, 34 (4.8%) of 696 episodes of community-acquired bacterial meningitis were classified as recurrent meningitis (table 1). The calculated annual incidence of recurrent bacterial meningitis was 0.12 cases per 100,000 adults. The mean age was 43 years, and 25 episodes (74%) occurred in men. The 34 episodes occurred among 31 patients; the studied episode was the second episode of bacterial meningitis in 25 patients (81%), the third episode in 4 (13%), and the fifth and sixth episodes in 1 patient (3%). Three patients experienced 2 episodes during the study period. The duration between the first episode and the studied episode was known for 22 episodes; the median duration was 4 years (range, 0-29 years). Seven (23%) of 31 patients had neurologic sequelae from a previous episode, which consisted of hearing impairment in 2 patients, cognitive impairment in 2, epilepsy in 1, and an unknown sequelae in 2. Most episodes occurred during winter (38%) and autumn (32%).
Predisposing conditions were involved in 26 episodes (77%). The most common predisposing factors were remote head injury (17 [53%] of 32 episodes) and CSF leakage (9 [32%] of 28 episodes); 6 episodes involved both of these predisposing factors. Of the 17 episodes involving remote head injury, 15 (88%) occurred in men. In the 3 patients with CSF leakage who did not experience previous trauma, 2 had undergone surgical procedures involving the dura mater, and in 1 patient, the cause was unidentifiable. An immunocompromised state was involved in only 3 (9%) of 34 episodes; 1 of these episodes was in a patient who was HIV positive, 1 in a patient who had a splenectomy, and 1 in a patient who was known to have alcoholism.
At presentation, symptoms were present for !24 h for 21 (58%) of 30 episodes. Most patients presented with classic symptoms and signs of bacterial meningitis (table 1) ; however, the triad of neck stiffness, fever, and altered mental status was present in patients only for 11 (32%) of 34 episodes. For 6 (18%) of 34 episodes, the patients presented with a Glasgow Coma Score of р8, indicating coma. For 4 (12%) of 34 episodes, rhinorrhoea (nasal CSF leakage) was reported at hospital admission.
CT of the brain was performed at hospital admission for 27 (79%) of 34 episodes and revealed the potential causes of recurrent meningitis that were involved in 6 episodes (22%). Overall, CT abnormalities were found for 16 of these 27 episodes (67%) and consisted of posttraumatic abnormalities for 5 episodes, cerebral edema for 3, hydrocephalus and brain infarction for 2; sinusitis, mastoiditis, and pneumatocephalus each were involved in 1 episode. Posttraumatic abnormalities included localized posttraumatic brain atrophy in 4 patients and skull fractures in 2 (1 patient had both abnormalities on CT). Congenital malformations were not reported.
Cranial CT was performed before lumbar puncture for 12 (44%) of 27 episodes; antimicrobial therapy was started before CT for only 3 (25%) of these episodes. At hospital admission, cranial CT was repeated for 10 (37%) of 27 episodes. New abnormalities were found to be involved in 5 episodes, including cerebral edema and cerebral infarctions in 2 episodes each and a subarachnoid hemorrhage in 1 episode. MRI was performed at hospital admission for 1 patient and revealed a defect of the cribriform plate and accumulation of CSF in the nasal cavity.
Lumbar puncture was performed for all episodes. Opening pressure was recorded for 13 (38%) of 34 episodes and revealed a median pressure of 370 mm of water. At least 1 individual CSF finding that was indicative of bacterial meningitis (glucose concentration, !1.9 mmol/L; ratio of CSF glucose concentration to blood glucose concentration, !0.23; protein concentration, 12.20 g/L; WBC count, 12000 cells/mL; or CSF neutrophil count, 11180 cells/mL) [13] was found for 28 (88%) of 32 evaluated episodes. Gram staining of CSF samples was performed for 31 (91%) of 34 episodes and correctly identified the causative microorganism involved in 25 episodes; for 6 episodes, Gram staining revealed no microorganisms.
The causative microorganisms, as identified by CSF culture, were S. pneumoniae in 28 (85%) of 34 episodes, Haemophilus influenzae in 3 (9%), N. meningitidis in 2 (6%), and Staphylococcus aureus in 1 (3%). This last episode occurred in a patient who had CSF leakage under the facial skin. The causative bacterial species of the previous episode of meningitis was known for 12 episodes and was similar to the causative bacterial species of the current episode for 11 episodes (92%). S. pneumoniae was the causative microorganism of meningitis in all 3 immunocompromised patients. The causative bacterial species in the patient who had 6 episodes of bacterial meningitis were S. pneumoniae (episodes 1 and 2), group A streptococci (episode 4), and N. meningitidis (episode 5 and 6); CSF culture results were negative during episode 3. One additional patient experienced 2 episodes of meningococcal meningitis during the study period.
The distribution of serotypes of S. pneumoniae was type 14 in 5 (18%) episodes; types 6B and 35F in 6 (11%) episodes each; types 6A, 9V, 10A, 16F, and 22F in 10 (7%) episodes each; types 3, 4, 15C, 19A, 22F, and 23F in 6 (4%) episodes each, and unknown in 1 episode. The causative organism was one of the serotypes included in the 7-valent conjugated vaccine in only 13 episodes (46%); the coverage of the 23-valent pneumococcal polysaccharide vaccine was 61%.
Initial antimicrobial treatment consisted of penicillin or amoxicillin for 17 (50%) of 34 episodes, a third-generation cephalosporin for 12 (35%) episodes, and a combination of amoxicillin and third-generation cephalosporin for 1 (3%) episode; other regimens were used for 4 episodes (12%). Data on antimicrobial therapy were missing for 1 episode. Initial therapy was microbiologically adequate for all evaluated episodes. Adjunctive steroids were administered to 2 patients after clinical deterioration during the clinical course. One patient was included in the European Dexamethasone Study and was randomized to the placebo group [14] .
During the clinical course, neurologic complications occurred during 23 (67%) of 34 episodes, and systemic complications developed during 6 (18%) of 34 episodes (table 2). The outcome was death for 5 (16%) of 31 patients; 1 additional patient had a suboptimal score on the Glasgow Outcome Scale (score, 4). One patient with pneumococcal meningitis died of subarachnoid hemorrhage. Neurological examination was performed at hospital discharge for all surviving patients. New neurological sequelae were found in 2 patients and consisted of hearing impairment and sixth cranial nerve palsy.
The vaccination status of many patients was unknown. Two patients were vaccinated with the 23-valent pneumococcal vaccine (pneumovax-23) after a second episode of pneumococcal meningitis. Both patients experienced recurrence of pneumococcal meningitis despite vaccination. Two patients experienced recurrent meningococcal meningitis, 1 of whom was vaccinated with an unknown meningococcal vaccine after the first episode of meningococcal meningitis (i.e., the patient's fifth episode of meningitis). Despite this vaccination, a recurrence of meningococcal meningitis occurred, which was the patient's sixth episode of bacterial meningitis.
DISCUSSION
Our study reveals that recurrent bacterial meningitis occurs in 5% of community-acquired bacterial meningitis episodes. This frequency is somewhat lower than that found in a retrospective study evaluating 275 patients with community-acquired bacterial meningitis in a tertiary referral center [2] . In this case series, 33 (11%) of 296 episodes occurred in patients who had у2 episodes of community-acquired meningitis [2] . Our prospective study was performed nationwide and carefully excluded cases of nosocomial meningitis; therefore, our study provides an accurate estimate of the incidence of communityacquired recurrent bacterial meningitis.
Most patients with recurrent meningitis had predisposing conditions. Common predisposing conditions in our series were remote head injury (in 53% of episodes) and CSF leakage (in 38% of episodes); only a small minority of patients had an impaired humoral immunity. This is comparable to the previously mentioned retrospective study, which reported a remote history of head trauma or neurosurgerical procedures in 47% of patients with recurrent meningitis. Although overt CSF leak-age was seldom present at presentation, anatomical defects after head trauma can be regarded as the principal pathophysiological mechanism leading to recurrent bacterial meningitis and may have delayed onset until years after trauma [5, 6, 8] .
The predominant causative organism was S. pneumoniae. This bacterium is a frequent cause of nonrecurrent communityacquired bacterial meningitis and is a part of the normal nasopharyngeal flora. The predominance of S. pneumoniae as a cause of recurrent meningitis has been reported previously [1] [2] [3] .
An interesting finding is that 75% of the patients were male. The male-to-female ratio in the whole group of patients with community-acquired pneumococcal meningitis was 50:50 [15] . One explanation for the predominance of male sex among patients having recurrent meningitis is that head trauma is more likely to occur in male individuals than in female individuals. A recent Dutch prospective multicenter study evaluating minor head injury revealed a male predominance of 71% [16] . Remote head injury is an important predisposing condition for recurrent community-acquired bacterial meningitis. However, there might be other unidentified factors as well. A recent study revealed that male sex is an individual risk factor for developing meningitis after a craniotomy, although most patients had staphylococcal meningitis [17] .
Two patients (6%) had recurrent meningitis caused by N. meningitidis. One of these patients experienced 6 episodes involving different causative organisms and CSF leakage; the previous causative organism was unknown for the other patient. In the literature, recurrent meningococcal meningitis is frequently associated with complement deficiencies [18] [19] [20] . The recurrence of meningococcal meningitis occurs in ∼45% of patients with a complement deficiency [20] . However, N. meningitidis is a pharyngeal commensal in 9% of the population [18] ; therefore, meningococcal meningitis is also possible when CSF leakage is the predisposing condition.
The mortality rate was substantial (15%) but much lower than that for nonrecurrent pneumococcal meningitis (34%) [12] . This difference in mortality rate might be explained by early symptom recognition by patients and their families, because they may recognize symptoms of previous episodes. This may also explain the relatively high proportion of patients presenting after having symptoms for !24 h and the low proportion of patients having the triad of neck stiffness, fever, and altered mental status. Another explanation might be competing risks between mortality and recurrence of illness; there is no recurrence of meningitis when a patient has died.
Our study has several important limitations. First, only patients who had a positive CSF culture result were included. Negative CSF culture results occur among 11%-30% of patients with bacterial meningitis [2, 12] . However, the clinical presentation in patients with positive and negative CSF culture results was closely similar in several studies [2, 4] . Furthermore, patients with space-occupying lesions on CT, such as hemorrhages, associated with the infection may not undergo lumbar puncture [12] . For patients with coagulation disorders or severe septic shock, lumbar puncture might be postponed, which can result in negative CSF culture results, as well [12] . Therefore, these patient groups were probably only partly represented in our study, which might have caused an underestimation of the mortality rate. Finally, patients were not routinely tested for complement deficiency; this was an observational cohort study.
In patients with no apparent cause of recurrent meningitis or known history of head trauma, the high prevalence of remote head injury and CSF leakage in our series justifies an active search for anatomical defects and CSF leakage in patients with recurrent bacterial meningitis [8] [9] [10] [11] . Detection of b-2-transferrine in nasal discharge in cases of rinorrhoea is a sensitive and specific method to confirm the presence of a CSF leak [21] [22] [23] . Optimum imaging is performed using thin-slice CT of the skull base and is the initial imaging of choice [5, 9, 24] . It is important to take into account that small bone defects on CT do not prove CSF leakage [24] . T2-weighted MRI may detect a small CSF leak but lacks fine bone detail [25, 26] . Because CSF leaks are often intermittent, the administration of intrathecal contrast will not be more accurate to prove leakage and depends on the timing of imaging [24, 27] . Anatomical defects and CSF leakage might require the consultation of a neurosurgeon or otolaryngologist to evaluate the necessity of surgical repair, which has an overall high success rate and low mortality and morbidity [8, 24, 28] . In patients with recurrent meningococcal meningitis, it depends on the patient's history whether a complement or immunoglobulin deficiency should be excluded before a search for anatomical defects and CSF leakage is initiated [18] [19] [20] .
The vaccination status was largely unknown in our series, which is an important shortcoming of our study. Only 2 patients in our study were known to be vaccinated after recurrent episodes of meningitis. In previous literature, the role of vaccination to prevent recurrence of meningitis was only investigated in patients with meningococcal infection caused by complement or immunoglobulin deficiency or after splenectomy [19, 29] . This group of patients and their possible affected family members should be vaccinated to prevent meningitis [19] . Both vaccinated patients in our study experienced recurrence after vaccination; however, vaccination should be routine for patients with persistent CSF leakage. The efficacy of prophylactic antibiotics in patients with CSF leakage remains controversial in the literature [5, 6, 17, 30, 31] .
We conclude that most patients with recurrent meningitis are male individuals with predisposing conditions, which, in most cases, are remote head injury or CSF leakage. The high prevalence of remote head injury and CSF leakage in our series justifies an active search for anatomical defects and CSF leakage in a patient with recurrent bacterial meningitis.
